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Abstract 
Individuals make their decisions considering their past experiences and their beliefs about the possible outcomes of the 
decision. That is to say individuals have beliefs about outcomes of an event. These beliefs about the outcomes of an event are 
not constant. Each time an individual receives information about an event or experiences a new situation his/her beliefs about 
outcomes of the event may change. With regard to travel, individual’s beliefs about outcome of choosing a particular route, 
mode, departure time, etc. may change. This change can be the result of experiencing a new situation different than initial 
beliefs or can be the result of received information. In other words, provision of travel information may cause changes in 
individuals’ beliefs and consequently their decisions. However, these changes would depend on type of received information 
and reliability of the information. This study proposes a Bayesian Belief framework to represent the relationship between 
individual cognitive learning processes and travel information. We consider different types of information, whether it is 
descriptive or prescriptive. In addition, who is receiving the information and with which objective it has been provided are 
contemplated in the framework.  
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1. Introduction  
In general individuals are assumed to make decisions based on their perception or beliefs of reality, their 
knowledge of their environment and their past experiences (Koppelman & Pas, 1980; Golledge 2002). Individuals 
are not always aware of all possible alternatives and they make their choice among their known alternative sets. 
How individuals choose between routes, modes, departure times, etc. has been always an important question in 
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transportation management and planning. Providing travel information to individuals may change their beliefs, 
increase their knowledge of the environment and introduce them to new alternatives. In addition, it is argued that 
travel information may decrease uncertainty about the state of the transportation network (Sun et al. 2005). 
However, travel information itself may induce some uncertainty related to the credibility of the provided 
information, or to an individual’s beliefs about credibility of the travel information. Individuals’ behavior towards 
existing uncertainties is different and affected by their attitude to uncertainty (Avineri & Prashker 2005).  
The understanding that providing travel information to individuals may have the potential of changing their 
behavior in ways that are beneficial for the whole transportation system has stimulated researchers to study travel 
information effects on activity-travel patterns. Most studies have considered a certain type of travel information 
and evaluated travel information impacts on a certain They either discussed travel choices under static, public and 
descriptive information (e.g. Emmerink, Axhausen, Nijkamp, & Rietveld, 1995; Arentze & Timmermans, 2004; 
Chen & Mahmassani, 2004; Chorus, 2007; Khattak, Targa, & Yim, 2002; Sun, 2009) or described the process of 
information acquisition (e.g., Hato, Taniguchi, Sugie, Kuwahara, & Morita, 1999; Kenyon & Lyons, 2003; Polak 
& Jones, 1993; Polydoropoulou & Ben-Akiva, 1998). A few studies have looked at dynamic and personalized 
prescriptive and descriptive information. Mainly, when it comes to individuals’ behavior in response to provision 
of travel information all these studies are somehow limited.  
The purpose of this study is to understand individual’s behavior under provision of information. We propose a 
Bayesian Belief framework to represent the relationship between individual cognitive learning processes and 
travel information. In this framework different types of travel information are considered. Individuals are 
assumed to be heterogeneous. Hence, the framework specification for individuals with different attitudes would 
be different. In addition, the fact that the given information may have different underlying objectives from the 
perspective of the information provider is taken into account as an important factor in the framework.  
 The remainder of the paper is structured as follows. Section 2 briefly describes different types of information. 
Section 3 describes the problem and the formulation. Section 4 introduces the proposed Bayesian Belief 
framework. Section 5 summarizes major conclusions and discusses future works. 
2. Travel information 
Travel information can be provided to individuals both pre-trip and en-route. It can be either public, or 
personal and descriptive or prescriptive. Depending on the type of information, individuals may respond to the 
information differently and they may change or not change their activity-travel schedule. In addition, even when 
there is no information, individuals may change their activity-travel schedule considering the real-time situation 
of the network (environment). Therefore, individuals’ responses to travel information can be investigated in terms 
of two main categories; existence and type of information. 
2.1. Presence of information 
In case that there is no information, if the real situation is just as the one that the individual expected the 
individual will continue his/her schedule. Otherwise, when the real situation is different than what the individual 
expects, the individual may choose to change his/her activity-travel schedule. In case of travel information, two 
states may occur. First, the real situation is as the one that the individual expected. In this situation, there is no 
need to adapt the planned activity-travel schedule, assuming the individual does not change his/her mind during 
the execution of the schedule. Second, there may be a substantial difference between the beliefs about the state of 
the system and the actual situation, reflected in the provided information. In that case, the individual needs to 
reconsider his/her schedule. It seems logical to assume that the decision whether or not to reschedule depends on 
his beliefs about the credibility of the information and whether the difference is big enough to warrant 
rescheduling. 
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2.2. Type of Information 
When the information is public, individuals know that other travelers will have received the same information. 
Consequently, they may take into account their beliefs about how many other travelers who have received the 
same information will change their activity-travel schedules. Based on this, they may act strategically and choose 
the option that maximizes their expected utility, taking into account the effect of possibly strategic behavior of 
other travelers on their expected utility. It can be argued that when the information is personal, individuals act less 
strategically, and beliefs, preferences and past experiences of the person receiving the information may be more 
important (Parvaneh, et al. 2011). 
The difference between descriptive and prescriptive information in general is that in the latter case, individuals 
have to translate the recommendation into their mental representation of the activity-travel scheduling decision 
and assess the expected utility of alternative activity-travel schedules, at least comparing the planned schedule 
against the recommended schedule. Usually, the recommendation will not involve all facets of the complete 
activity-travel schedule and therefore an individual will have to consider a set of alternative schedules, including 
the recommendation. In addition, there is a difference in the belief updating process when the information is 
descriptive or prescriptive. Descriptive information gives more and updated information about the state of the 
network, e.g. real travel time of a particular route (Chorus et al. 2009; Parvaneh, et al. 2011). As a result, the 
individual will process the received information, and then update his/her beliefs about the network state. In other 
words, information directly impacts the individual’s beliefs which may lead to changing his/her activity-travel 
schedule. As argued by Chorus et al. (2009), this belief updating will be dependent on the objective of the 
recommender system as perceived by the traveler.  In contrast, prescriptive information does not give quantitative 
information and may introduce new choice alternatives to the individual. As a result, the individual will evaluate 
the choice alternatives and compare them with known ones, and then choose among the choice alternatives.  
3. Definition of the problem and formalization 
Consider an individual who has an activity-travel schedule and travels between different locations to conduct 
activities during a day. In addition he/she has the possibility of receiving different types of travel information and 
is also able to choose whether or not to receive the information. This individual has beliefs about the credibility of 
received information which is a representation of his/her perception to what extent received information is a 
representation of the real state of the environment. In other words, an individual has beliefs about the certainty of 
the travel information. During a day, an individual makes observations on locations and links of the networks. As 
a result, he/she may update his/her belief about the state of the environment as well as the credibility of received 
information. 
The present study addresses how an individual with certain beliefs and preferences responds to travel 
information. In that regard, we focus on the problem that how individual’s cognitive learning in provision of 
travel information can be modeled. Our concentration will be on different types of information and their 
attributes. The accumulated effects of possible changes in individuals’ activity-travel schedule on the whole 
transportation network will not be studied. However, future research will represent those effects. 
3.1. Basic concept  
To illustrate a clear view of the problem, we assume that the environment is represented as a network, 

ሺǡ ሻǡ in which nodes, , are a representation of either activity locations that are described by one or more 
attributes and/or intersections of the transportation network, and directed links,  , are a representation of 
transportation links. In this network, individuals are represented as agents and we assume that they can 
(re)schedule their activities at each node. When an individual is conducting an activity at a node or traveling 
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between two nodes, he/she may make observations or receive information that can change his/her beliefs about 
particular aspects of the network. As a result, he/she may reschedule his/her activity-travel at each node, e.g. 
change the initial chosen route. We assume that an individual has beliefs about the outcome of an event and state 
of environment. We represent an individual’s belief of level of certainty that a particular outcome will be 
experienced in terms of a probability distribution. We use the symbols ܻ to refer to the (uncertain) event, ݕ௜ to 
refer to a possible outcome and ܲ௧ሺݕ௜ሻ  to denote the individual’s belief in ܻ ൌ ݕ௜  at decision moment t  
(Parvaneh et al. 2011). 
In the presence of travel information, it is assumed that the individual holds beliefs about the credibility of 
given information, reflecting an individual’s beliefs of how likely the received information represents the real 
state. The individual’s perception of information credibility regarding event  Y is represented by a conditional 
probability. Consider the example where an event relates to the travel time of a route, and received information is 
about the travel time of the same route. Therefore, an individual’s updated beliefs of a route’s travel time 
୲୰given travel time information can be represented as ሺ୲୰ȁ୲୰ሻ, where ୲୰ ൌ ሼଵǡ ଶǡ Ǥ Ǥ Ǥ ǡ ୬ሽ are the real 
travel times of that particular route and ୲୰ ൌ ሼଵᇱ ǡ ଶᇱ ǡ ǥ ǡ ୬ᇱ ሽ  are the received travel times of the same route given 
by information service provider.    
Full credibility exists when  ' | 0k jP t t   , if  j kz and  ' | 1k jP t t   , if j k  which means that the received 
information is completely identical to the real travel time. Zero credibility exists when  ' | 1 , ,  ,k jP t t n k j    
which means that received travel time is completely random and is not related to the real travel time ( Arentze et 
al. 2004). 
3.2.  Observations and updating of beliefs 
As it has been mentioned before, the individual has beliefs about the outcome of an event, which in present 
study are individual’s beliefs of travel time of a route.  These beliefs about the outcomes of an event are not 
constant. Consequently, the probabilities, ( )P x , representing these beliefs are not constant either. Each time an 
individual receives information about an event or experiences a new situation, his/her beliefs about outcomes of 
the event may change. That is to say, individuals learn when they travel certain routes. Following Arentze et al. 
(2004) and Arentze and Timmermans (2005a), we propose using Bayesian Belief Network (BBN) to represent the 
relationship between individual cognitive learning processes and travel information. That is to say, we use BBN 
principles to update the conditional probability representing individual’s beliefs of travel time under the provision 
of travel information. When some travel information is received, ୲୰ ൌ ୧ᇱ, individual’s beliefs that travel time of 
the route is equal to a certain value, ୲୰ ൌ ୫ǡ is updated according to the Bayesian method as following: 
 
P(tm | ti )=
P( ti | tm)P(tm)
P( ti | tm)P(tm)
m=1
n

,m 
 (1) 
where : 
ܲሺݐ௠ሻ is the prior belief that travel time of route is equal to ݐ௠ǡ  
௧ܲሺݐ௠ȁݐ௜ᇱሻ is the updated belief after receiving information ܴ ௧ܶ௥ ൌ ݐ௜ᇱ, ܲሺݐ௜ᇱȁݐ௠ሻ is the probability of receiving information ܴ ௧ܶ௥ ൌ ݐ௜ᇱwhen ܶ ௧ܶ௥ ൌ ݐ௠,  ݊ is the possible state of ܶ ௧ܶ௥ and ܴ ௧ܶ௥.  
According to Bayes’ theorem it is assumed that the conditional probabilities, ሺݐ௜ᇱȁݐ௠ሻ, are known by the 
individual. 
4. Bayesian Belief framework 
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4.1. Proposed Network  
In a BBN, variables are represented as nodes and dependency relationships between them as links. In this case, 
a link runs from  to  indicating that  is dependent on . Node  is called a parent node of . Considering that 
travel information can either be in the form of a recommendation or the value of travel time we propose 
framework that is shown in figure (1) to capture the impact of travel information on individual’s perception of 
real travel time. This framework represents the belief updating process in the provision of the travel information. 
In this framework,  represents recommendation, ୲୰ represents the real travel time of route  at the moment , 
୲୰ represents the received value of travel time of route  by the information source, Ǥ represents 
other individuals’ behavior after receiving the information and  represents the information type which can be 
either personal or public. ୲ାଵ୰  represents the real travel time of route   at  ൅ ͳ  after all individuals have 
responded to travel information considering their strategic behavior. 
 As the framework shows, there are direct links between real travel time of a route and recommendation, and 
also received information. These two links represent that no matter whether the information is descriptive or 
prescriptive it is fed by the real travel time of the route. However, there is always the possibility of some error in 
receiving real travel time information or a prediction of travel time. After receiving travel information the real 
travel time of the route will be updated by backward reasoning. Moreover, it is assumed that recommendation  
also depends on the  that is behind the recommendation and comes from policy makers decisions. In 
other words, each recommendation that is given to the individual may have an underlying objective following for 
example equilibrium for the whole transportation network and therefore may or may not be consistent with an 
individual’s preferences. 
R
r
tTT
rRT
Objective
 .
Others
resp
Type
1
r
tTT 
 
Figure 1, the belief updating process in the provision of the travel information. 
In addition to representing an individual’s belief updating process at a node we extend the proposed 
framework by adding two decision nodes and one utility node. Decision nodes are representations of individual’s 
decisions to use travel information or not, and individual’s choice between possible routes. The size of the 
framework increases by an increase in the number of possible routes . The number of nodes in the framework is 
equal to ͵ ൅ ͹ including decision nodes and the utility node, while the number of links is equal to 8r +7 . 
Figure (2) depicts the extended framework for two possible routes. The link between the two decision nodes is a 
so-called non-forgetting link; it represents the sequence that a decision to use information proceeds the decision 
which route to take. As shown in this figure, we assume that the satisfaction gained by a particular decision not 
only depends on the credibility of given information but also on their strategic behavior. That is to say, if real 
travel time of certain routes would be different at moment  ൅ ͳ after all individuals have received the travel 
information and responded to it, an individual’s satisfaction may increase or decrease depending to what extent 
he/she predicts other individuals’ behavior correctly.  As an example, if all other individuals follow the 
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information and choose route B and a certain individual ignores the information and chooses route A, because 
he/she believes that others would follow the information, he/she may gain more utility by choosing the other route 
because congestion on route B could be a possible result of all other individuals choosing the same route.  
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Figure  2, a sample Bayes net created in for an origin-destination connected by two routes. 
4.2. Net Specifications 
As mentioned in equation (1) conditional probabilities are known when beliefs are being updated.  In a BBN, 
for each node of the network these probabilities are represented in a conditional probability table (CPT). The 
relationship between child node and parent nodes and their states define characteristics of the child node’s CPT. 
A CPT illustrates a probability distribution of all possible states of the concerned node considering all possible 
configuration of states of parent nodes (Pearl 1993; Arentze & Timmermans 2005b). 
Let us represent a child node in a BBN by a random variable  with ൅ ͳ states ሼ଴ǡ ଵǡ ǥ ǡ ୫ሽ where  ൒ ͳ. 
Each child node is influenced by  ൒ ͳ  parent nodes, and the parent nodes represent   random variables 
ଵǡ ǥ ǡ ୬and any such variable ୧ has ୧ states ቄ୧ଵǡ ǥ ǡ ୧୩౟ቅ with ୧ ൒ ʹ. Then, a typical parental configuration of 
the network, is a set consisting of  elements, and will take the form:  
൛ଵ ൌ ଵୱభǡ ǥ ǡ ୬ ൌ ୬ୱ౤ൟ (2) 
where ͳ ൑ ଵ ൑ ଵǡ ǥ ǡ ͳ ൑ ୬ ൑ ୬ . Therefore, the network will have ଵ ൈ ǥൈ ୬  such parental 
configurations, which also requires a CPT with as many probability distributions over the child node . For the 
parental configuration ൛ଵୱభǡ ǥ ǡ ୬ୱ౤ൟ such a distribution will be (Train 2004):   
൛൫଴หଵୱభǡǥ ǡ ୬ୱ౤൯ǡ ൫ଵหଵୱభǡ ǥ ǡ ୬ୱ౤൯ǡǥ ǡ ൫୫หଵୱభǡ ǥ ǡ ୬ୱ౤൯ൟ (3) 
To be able to update beliefs in the proposed BBN, we need a method for each node to specify its CPT. We 
propose different methods for each node considering the node’s attributes. In the following, for each child node in 
the proposed framework considering how many parent nodes they have and how many states each parent node 
and the child node itself have characteristics of CPTs  will be described. 
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In the proposed BBN, before evaluating the network a decision is made as to whether or not to use travel 
information. This decision node has two states: Yes and No. The probability of each state would be defined 
according to an individual’s attitudes regarding travel information systems. Based on the network the expected 
utilities of yes or no using travel information can be inferred. A rational individual would choose to use the 
information when the expected utility would exceed the costs. In case use of information is free, it is assumed that 
the individual either desires to use the travel information or be against using it. Therefore the choice would be 
either Yes or No. 
Node  represents whether the objective of the existing policy is to optimize transportation network 
performance or to consider individual’s preferences and optimizes his/her schedule. As a result, two states have 
been defined for this node: system-optimization and personal- optimization. Existence of each of these two 
policies is defined by an individual’s beliefs which are represented as an attribute of individual agent. Regarding 
an individual’s beliefs about the policy objective, the probabilities of one policy would be equal 1 and the 
probability of the other policy would be equal to zero.  
As mentioned before, node  represents whether available information is Public or Personal. Type of 
information would be specified considering the services available on the route and the type of information that an 
individual would like to use. We assume that just one type of information is provided. As a result, when there is 
information the probability of each state can either be equal to Ͳ or ͳ. And if there is no information depending on 
the prior assumptions probabilities of each state would be defined.  These prior assumptions can be a 
representation of each type distribution. 
Node ୲୰ represents real travel time of route  at moment before receiving travel information. It is assumed 
that the real travel time of a route has a normal distribution ୲୰̱ሺɊǡɐଶሻ that is given, where Ɋ ൌ ୲୰ and 
the standard deviation, ɐ, specifies the standard deeviation of route  travel time. To specify the probability of 
different possible travel time states (very-short, short, normal, long, very-long, etc.) we discretisize the 
distribution into  equal intervals (e.g. 5 intervals). The number of intervals defines how many states this node 
would have. The value of Gaussian function at each discrete point would identify the related probability in the 
CPT.  Figure (3) depicts how the discretization is conducted.  
avgTT
( )f t
timeit
 , ( )i it f t
 , ( )avgTT f avgTT
 
Figure 3, discretization of travel time of route ݎ into equal intervals. 
Node ୰ represents the value of travel time that is provided by the information service provider. We assume 
that for each level of ୲୰ the received travel information has a conditional distribution ሺ୰ȁ୲୰ሻ̱ሺ୲୰ǡ ɐଶሻ, 
where  Ɋ is equal to the value of the true travel time, ୰ǡ ୲୰, and ɐ defines the reverse of the credibility of the 
information. We use a similar discretization method to specify the probability of different possible states in the 
CPT. In simulations, to specify the credibility of received information we assume that ɐ itself has a normal 
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distribution, ɐ̱ሺɄǡ Ɂଶሻ. If Ɂ ൌ Ͳ, then the received information has the highest credibility and if Ɂ increases the 
credibility of information decreases. In addition to the states that have been identified by discretization, an absent 
state is added to this node’s CPT. This state specifies that there is no received travel time available.  
Node  represents the recommendation that is given by the information service provider to follow a particular 
route. This recommendation is a result of comparing real travel times of different routes, and it does not include 
the value of travel time. In other words, it is either recommended to choose route A or route B. This node has 
 ൅ ͳstates, where denotes the number of routes and 1 is an illustration of an absent state (the case where no 
recommendation is received).  To specify the conditional probabilities of this node, two issues arise. First, the 
recommendation may not be completely certain and secondly, considering the state of the parent node , 
different situations may occur. We assume that if the state of  is equal to Personal-optimization the 
probability that the recommended route brings the highest utility for the individual will be higher in comparison 
with the situation where the state of the is equal to system-optimization. We leave how to demonstrate 
this for further research. 
Node ǯǤ  represents individual beliefs about how other individuals may respond to the given 
information, if they would follow the information or not. This node has two states: comply and not-comply. It is 
assumed that individuals have different beliefs about others’ responses which is defined as attribute of the 
individual.  
Node ୲ାଵ୰  represents the real travel time of route  at the moment  ൅ ͳ, that is, after all travelers have 
received travel information and responded to it. This travel time would be the result of evaluating travel 
information and it is assumed that for each configuration of states of parent nodes to have a conditional normal 
distribution ሺ୲ାଵ୰ ȁ୲୰ǡ Ǥ ሻ̱ሺɊǡ ɐଶሻ. A model will be developed in the future work to specify Ɋ and 
ɐ.   
After receiving and processing the information, the decision which route should be chosen is made. The route 
that has the highest utility will be identified as the chosen route. However, this choice may not always result in 
the highest satisfaction. Since as a result of other individuals choosing the same route, travel time on the route 
may increase or congestion may occur. Although the behavior of others (how they respond to information) is 
taken into account, the beliefs might be wrong so that the expected utility may differ from the actual utility 
experienced when the route is chosen. For example, the utility of the chosen route may be lower than expected. 
The utility of the route choice alternatives is identified at the utility node.  It is assumed that utility of travel 
and consequently utility of activity decreases when there is a certain amount of deviation from the planned start 
time of the activity and arrival time at the location of the activity ( Hendrickson & Kocur 1981; Lee et al. 2005;). 
The utility loss would not be same when the deviation is small or large. This means a higher utility loss is 
associated with larger difference between the start time of an activity and the arrival time to the activity location. 
We can also argue that arriving early has less impact on utility than arriving late. The utility loss not only depends 
on the deviation from the start time but also depends on the flexibility of the activity. For a more flexible activity, 
the utility loss would be smaller than for a less flexible activity if, for example, the individual would arrive five 
minutes later than the start time of the activity.  
Four activity categories are assumed here to define the utility loss: non-flexible, moderately flexible, flexible, 
and completely flexible. To determine the amount of utility loss, we propose a piecewise linear function depicted 
in figure (4). In this figure ାand ି define the steepness of each piece. As is shown, the steepness of the line 
representing utility loss as a result of arriving late is higher than the steepness of the line representing utility loss 
due to early arrival (ା ൑ ି). These two values are defined differently for each category of activities. Non-
flexible activities have their lowest value, whereas completely flexible activities have the highest value (ା ൌ
ି ൌ λሻ which means that they are not sensitive to the start time of the activity. Moreover, to calculate utilities 
we assume some discrete points that define intervals with a certain amount of utility loss. As shown, we assumed 
two points before and after the start time of the activity where the utility will decreases by 40 and 80 percent. 
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Finally, the utility will be specified by calculating the area between expected arrival time and start time of the 
activity and multiplying this by the related utility loss coefficient.  
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Figure 4, determination of utility loss due arriving late or early. 
4.3. Implementation 
To evaluate the proposed framework we use a simulation approach implemented in C++ environment. We use 
Netica API for C++ to implement and evaluate the proposed BBN. Since this API is based on C++, it gives us the 
possibility of adding sub-programs to generate the CPTs. Moreover, the network is generated automatically 
considering the number of possible routes.  
The simulation includes individual as the decision maker, transportation network and Information service 
provider.  It is assumed that individual has a daily activity-travel schedule and certain beliefs regarding credibility 
of travel information provided by Information service provider. The individual implements his/her schedule in the 
transportation network. During the implementation at each node of the network the individual receives real time 
travel information about the state of network and a Bayesian Belief updating process is executed. As a result, the 
individual’s belief about state of environment will be updated. In addition, the individual may change his/her 
decision since he/she has received new information and his/her belief has been changed. Consequently, the 
attached utility of each choice alternative may change by changing in beliefs.  
As mentioned before, the size of each node’s CPT depends on all possible configuration states of its parent 
nodes. Therefore, for nodes ᇱǤ ,  , and decision node ǫ, the size of the CPT will increase 
dramatically by a small increase in the number of possible routes. As an example, even for two possible routes 
150 configurations can be identified. This may cause computational difficulties. However, since it is assumed that 
only a single kind of travel information is provided to the individual and that an individual never receives both a 
recommendation and descriptive travel time information, it is possible to simplify the network by making a 
division at the decision node ǫ. Hence, we exclude the decision node ǫ from the 
network and include it in the code written in C++. As a result, the decision whether the individual would prefer to 
use any kind of information or not will be made in a different part than the BBN. Since this decision is made 
considering individual’s initial preferences it will not affect network performance. Consequently, when it is 
clarified which kind of information is being used some nodes and related links can be eliminated from the BBN. 
In other words, if for example recommendation is chosen then nodes ୲୰౟ǡ  ൌ  , will 
be eliminated. As a result, the network will be much smaller. It is necessary to indicate that when we eliminate 
one kind of information from the network, the state absent should also be deleted from the other CPT.    
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5. Conclusion  
Policy makers expect that provision of travel information may induce changes in the transportation network 
which would be beneficial for both individuals and the entire transportation system. To ensure that these changes 
would be beneficial, we should however first understand that to what extent travel information would change 
individuals’ behavior. To that effect, it is necessary to understand individuals’ beliefs about travel information 
and its credibility and their approach to cope with existing uncertainty. Given the limited number of pages 
available for this paper, we have focused on four topics. First, we have differentiated between situations that may 
arise with and without provision of information. We have described how individuals may behave in each situation 
and how they may make their decisions.  Second, we have defined the problem and discussed key concepts and 
the equation, which is the basis of proposed framework. Third, we have described the proposed Bayesian Belief 
framework, including the specifications and details that are essential to understand individuals’ behavior in 
provision of information. Finally, we described how the proposed framework would be implemented. Results of 
the implementation will be presented in future publications.  
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